Linkage strength. The strength or importance of a trophic relationship cannot be assumed equivalent for all web members. A consumer will be a strong interactor if, in its absence, pronounced changes ensue (MacArthur 1972). Removal of a weakly interacting species will yield no or slight change. The emphasis is on the functional role occupied by species within food webs as determined by experimental alterations of their abundances. The relative strength of interaction is in part due to the consumer's density, in part to limitation to the predation process imposed by prey size (Paine 1976 ). Predator food preference is an essential ingredient, and an effect is especially likely when the prey is competitively superior (Harper 1969; Paine 1969) . In some senses 'strength' is an abstraction, for under some circumstances a potentially significant interaction may not be realized. Conversely, it is difficult to envision conditions which would reveal the outcome of a fundamentally weak interation. A graphical description of linkage strength and other symbolisms are shown in Fig. 1 .
Modules. Strong trophic interactions can produce predictable, persistent patterns in the resource guilds. Species that seem dependent on these resources, give evidence for evolved modification for use of, or association with, these resources, and that disappear upon the removal of a strongly interacting species (or appear with its addition) will be said to belong to a module. A module thus includes both a resource set and their specific consumers which, under conditions favouring maximal coevolution, will behave as a functional unit. May (1973) alludes to these as subsystems; Gilbert (1977) refers to them as coevolved food webs. In the engineering terminology of dynamical systems they may be components or subsets. Whichever term is applied, they are obviously important within food webs both because of the unit nature of their response and for the large number of species, and therefore potential number of links, involved. A module involving four species and linked to a strong interaction is shown in Fig. 1 . Removal of C1 produces an immediate increase in R1 and initiates the disappearance of the modular components C2, R2, C3 and R3.
VARIATIONS IN LINKAGE
Food webs are idealized pictures of complex trophic patterns that change seasonally and geographically. When emphasis is placed on the linkage arrangements per se, perspective is lost on the extent of their variability and responses to local environmental change. Because connectedness in natural webs can be observed directly, and forms the basis for most mathematical exploration of web properties (Cohen 1978 (Paine 1976 (Paine , 1977 . Although fourty-four taxa are given, this remains but a small portion of over 300 possible (Suchanek 1979 have been identified with the exception of the anemone Anthopleura xanthogrammica (Brandt), two uncommon gastropod species (Thais lamellosa (Gmelin) and Onchidoris bilamellata (Linnaeus)) and five species of crab. This intertidal community is also subject to avian predation by oystercatchers (Haematopus bachmani Audubon), black turnstones (Arenaria melanocephala (Vigors)), surfbirds (Apriza virgata (Gmelin)), and glaucouswinged gulls (Larus glaucescens Naumann). None of these omissions is thought to be functionally significant, although the anemone is clearly partially coupled to the foraging activities of starfish (Dayton 1973) The topological placement of the taxa in both webs (Fig. 2) has been maintained to emphasize the regional changes in connectedness despite the great similarity of the species complements. At Torch Bay, Pisaster ochraceus (Brandt) is probably 'just another starfish, in part because M. californianus is a minor community component. Rather than (Fig. 2) . Although factors underlying these switches cannot be interpreted presently, they surely are not minor. They represent major changes in the pattern of connectedness and therefore of material and energy transfer. Evidence for regional lability in structure is obvious and includes two important web traits: the number and pattern of linkage connections of the higher order consumers and a measure of the diversity (H'; Pielou 1975) of this linkage (Table 1) .
Two further sources of variation in trophic pattern can be examined. Table 2 shows the geographic variability of Pisaster's diet over 30 degrees of latitude. Although the intertidal community retains its essential composition (Ricketts, Calvin & Hedgpeth 1968), Pisaster's diet changes substantially, especially in terms of the number of links. Table 3 gives an indication of variation by habitat. The data set encompasses 7633 Pisaster observed between June 1963 and August 1971 in four portions of a mosaic environment. Although the total number of prey links is roughly similar, the major connections are highly variable, especially if barnacles are excluded from the comparison. Further, these within-habitat differences seem constant through time. I have shown that in the boulder field, the herbivorous gastropod Tegula is consistently the major source of food energy for Pisaster (Paine 1969 ). On mid-intertidal rock platforms, trophic conditions vary little from year to year (Paine 1974) when Pisaster is present, and barnacles and mussels are the main dietary items. On low intertidal benches most of the nutrition is derived from chitons. I believe these variations, be they geographic or within habitat, provide little insight into community organization.
STRONG INTERACTIONS: REALITY AND IMPLICATIONS
One of the continuing triumphs of experimental ecology has been in identifying species native to marine benthic and small freshwater ecosystems that play major roles in community organization. The results nicely complement comparisons of natural communities either with or without some major native species, or before or after its reintroduction or exclusion. I believe this body of literature is overwhelmingly convincing, and because its primary message is that nature is complex, subtle and interactive, I will discuss the evidence for strong interactions and some of their consequences as a unit. I exclude from (Paine 1966 (Paine , 1974 , and unpublished) despite the presence of numerous other predators. The results obtain because the competitively-dominant mussels become large too rapidly to be controlled effectively by other potential consumers. Pisaster consumes most mussel size categories and therefore escapes are relatively scarce in its presence. The experimental exclusion of the sea urchin Strongylocentrotus purpuratus (Stimpson) in the same community yields a comparable impact for identical reasons: this urchin controls the growth and distribution of competitively superior benthic algae and it is capable of destroying them at all body sizes. Thus sea urchin removal produces a lush plant community where none had existed previously; urchin addition causes a reversion to a seemingly barren, herbivore resistant flora ( There is a single top predator, the starfish Solaster dawsoni Verrill, and Birkeland was able to calculate that if it was removed, Mediaster would increase and eventually outcompete the module of specialists. All other species would persist, albeit at greatly reduced densities. In sum, not only were a strong interaction and a dependent module comprising 3/8th of the species identified, but the study also indicates the potential fragility of the ensemble to perturbation of a single resident species.
The studies just discussed reveal the significance of certain key predators, the importance of cross-links and the reasons underlying cascading alterations in structure. They suggest patterns that can be extended with some caution to many other benthic and aquatic communities. 
WEAK INTERACTIONS
The ideal weakly interacting species in some respects is experimentally unsatisfactory: its addition or deletion causes no detectable change. Furthermore, such results are highly likely in natural communities in which the experimenter must contend with high levels of 'noise'. I record here the basic data on three experiments that reveal some of the nuances and difficulty of examining weak interactions.
The chiton Katharina is a large, abundant herbivore on mid and low intertidal rock platforms. Preliminary observations had suggested that it cannot suppress the brown alga Hedophyllum sessile Setchell. To test this view Hedophyllum was removed from large (17-27 m2) rock platforms but with all other organisms retained. Unaltered controls were adjacent. Experiment 1 was initiated 8 May 1978. By December the area was 5000 covered, as determined by replicated quadrat samples, by Hedophyllum; by late April 1979 the value was 9500. Experiment 2 was identical in design. A second area was cleared 15 May 1979. By August Hedophyllum accounted for 350 % of the canopy, by September 800, and by December 1979 had decreased to 36%. Chiton density remained relatively constant throughout the study (Table 4) ; Hedophyllum exhibited normal seasonal changes in 0 cover in all areas (Table 5 ). Clearly, judged by an ability to control development of a dominant alga, Katharina is a weak interactor. On the other hand it exerts a major influence on associated benthic algae and is a functionally dominant grazer in Alaska. I have thus identified it as a strong interactor in Fig. 2 , although this could be questioned. Table 4 shows that Katharina exerts an influence on at least one of the associated grazers and perhaps others, based on results in the second year of experiment 1. The control for this manipulation was a site from which both Hedophyllum and Katharina had been removed and, since Hedophyllum recovers equally with or without Katharina, potential variations in algal primary cover are not a factor. The limpet Acmaea pelta (Rathke) increased significantly in abundance in the experimental area (Mann-Whitney U, Siegel 1956), due to competitive release. Conversely, both other grazers (Table 4) tended to decrease, probably because of changes in the quality of their resource. Although these species are dynamically coupled, none seem capable of controlling the dominant alga even when grazer density is increased by factors of 2-3. They, therefore, are weak interactors.
I further tested the hypothesis of weak interaction in a removal experiment on A. mitra Rathke, a species feeding exclusively on coralline algae (but certainly also ingesting any attached microscopic flora or spores of macrophytes). The species is moderately abundant at low tide levels on the Washington outer coast: cave mouths (N = 18, X = 1.23 m-2 s.d. = 1.23), rock platforms (20, 2.22 m-2, 4.6), or underneath sea urchins (44, 6.05 m-2, 7.37). It becomes more abundant in the shallow subtidal.
Acmaea mitra was initially removed from a 15 m2 Hedophyllum covered platform at the .0' level on Tatoosh Is. in June 1979. Since the species is not overly vagile, and many individuals remain within limited areas for long intervals (months), reinvasion does not pose a problem. An unmanipulated control area was adjacent. The coralline algal community initially showed no differences between control and experimental sites in the percent cover of five major types (Mann-Whitney U-test), so the data were pooled. Re-examination of the site 6 months later revealed no re-entry of A. mitra, no apparent compensatory changes in the abundances of other grazers, no differences in the cover of Hedophyllum other than normal seasonal changes, and two shifts in the relative abundance of the coralline algae (Table 5 ). These changes are probably causally related with one crust category (Lithophyllum spp.) tending to overgrow another in the absence of grazing pressure. Although the evaluation is made difficult by problems with coralline alga taxonomy and their patchy distribution (suggested by the generally great range in value of percent cover) I believe the conclusion of no or slight change to be sound. Acmaea mitra clearly is a weakly interacting species, at least at the level of population density manipulated and within the time frame of observation. 
RELATIONSHIPS WITHIN THE MODULE
Competitive relationships within this coralline algal-specific grazer module appear to be as weak as the consumer-resource ones, although the conclusion is entirely inferential. The grazers A. mitra and Tonicella coexist peacefully, often within a few cm of one another for extended intervals (months). It is not clear how they react to the presence of Katharina. However, they may respond to the urchin, S. purpuratus; densities are often higher under urchins than on the rock platform itself (Tonicella, 14 m -2, A. mitra 6-1 m -2) implying that this relationship is a facilitating one. That is, urchin feeding biases the composition of the algal community in favour of species requiring coralline algae, and their spines might afford protection as well. There seems little doubt that coralline algae, probably the most geographically ubiquitous group of macroalgae, require grazing for their establishment and persistence ( Perhaps the most convincing, independently derived evidence of the tightness of modular bonding comes from work on settlement cues released by the algae, specifically attracting grazers. Barnes & Gonor (1973) showed that competent larvae of Tonicella settled almost exclusively on coralline algae and that the response was elicited by a water soluble algal extract. Morse et al. (1979) have chemically identified a well-known vertebrate neurotra-nsmitter, y-aminobutyric acid, from crustose coralline algae and demonstrated that it induces settlement by a grazer. Steneck (1977) has described morphological adjustments by corallines to obligate grazers that reduce the consumer's impact. The overall implication assembled from diverse sources is one of a mutualism characterized by loose but nonetheless positive interdependence and benefit to all participants. It can only exist in the presence of strongly dominating grazers which are minimally involved in the module's interactions and which protect the corallines from overgrowth by fleshy algae. The adaptive pathways seem to represent varying levels of transition from grazer-resistant to grazer-dependent status.
CONCLUSIONS
I began with the observation that the quest for a satisfactory solution to the diversitystability relationship has been profitably frustrating. The answers remain remote but not for lack of attention, since the issue bears both enormous theoretical and practical implications. The focus has swung, rightly I believe, toward attempts to understand the design of natural webs. Two previous viewpoints are especially prominent here, and I have attempted to oppose them with mine in Fig. 6. I have used as a setting (Lawlor 1978; Roberts 1974) . The merit of the connectedness models is that they have maintained a lively and constructive debate which has identified certain significant food web attributes.
Less can be said about the relation between flow webs and community organization. They require substantially more information, much of it physiological, to construct. They are statically descriptive at best and, further, assume importance is measured by the rate of material or energy flux through nodes in the web. This is hardly true. The approach is often remote from intimate biological detail, pays little heed to competitive cross-links, and has generated few or no insights into ecological processes.
I have spent most of my hour discussing a web in which what I call functional significance is emphasized. Unfortunately, it requires experimental manipulation for verification of the linkage strengths. However, as Fig. 6 notes, it can be adequately described by fewer interspecific relationships than the others, much in the fashion that Gilbert (1977) suggests for a tropical, terrestrial community. My approach places no weight on major energy flow pathways that have no bearing on community organization, for instance, a S. purpuratus-drift algal connection. It is immune to the observational artifact that often functionally significant prey are rare because of a strong, controlling interaction. Thus, M. californianus is hardly the most frequent item in Pisaster's diet (Tables 1, 2) . The approach finds both strength and reality in the following.
(1) Enumerating links through direct observation provides little information on a particular species' importance and the connectedness component of food webs is susceptible to enormous geographic and within-habitat variations. What counts is the competitive stature of the preferred prey, implying that cross-links will be as important as trophic ones.
(2) Trophic links are unequal in strength, and most benthic and aquatic communities seem to be characterized by high variance in this measure. Strong links are easily demonstrated experimentally, and their presence readily explains the cascading changes that characterize certain altered ecosystems, changes that may involve as many as four distinct 'trophic levels.' Further, predictable strong linkage can generate trophically different but persistent, alternative resource bases. These latter appear not to develop when the strong interaction is unpredictable in space or time.
(3) Finally, predictable strong interactions can encourage the development of modules or subsystems embedded within the community nexus. The individuals comprising these may be co-adapted to one another and exhibit sophisticated mutualisms. Many members are probably extremely specialized, and the module itself may be dependent on events biologically external to itself for continuity. Modules add much richness to ecological systems and many develop their own infrastructure but most members are probably not functionally significant and therefore are weakly-interacting species.
I wish to close with a final observation: pattern is generated by process. One embodies static description, the other more subtle and dynamical events. Food webs along with their associated cross-links provide a realistic framework for understanding complex, highly interactive, multispecies relationships. I believe the next generation of models must be more sensitive to interaction strength, less so to trophic complexity, for the answers to questions on the stability properties of complex, natural communities increasingly violated by mankind are vital, and our time is short. Slatkin, B. A. Menge, S. W. Rissing, M. J. Shulman and G. B. van Vliet (discussion). I am especially indebted to The British Ecological Society for the opportunity to present my opinions.
